This work describes an approach for recovering images from tightly confined spaces using multimode and analytically demonstrates that the concept is sound. The proof of concept draws upon earlier works that concentrated on image recovery after twoway transmission through a multimode fiber and also sending images one-way through a multimode fiber; both used four wave mixing techniques. This approach also uses four wave mixing, but utilizes two fibers to capture the image at some intermediate point
INTRODUCTION
All-optical two dimensional image transmission from point AO to point B(), over a single fiber had long been a goal in communications, optical interconnection, and medical applications until Volyar et,al. 1 demonstrated one way image transmission through a multimode fiber in 1991. However, their approach requires a bulky optical configuration at point Ao, which makes it difficult to apply this technique to the observation of phenomena in close or tight spaces. In fact, the use of a less bulky setup in the vicinity of point A() is important to a number of remote imaging applications. For example to facilitate close inspections in small spaces, robotic optical imaging sensors for planetary surface exploration, real-time in vivo diagnostics in surgical applications, long term physiological and anatomical observations in vivo as well as long term undetected surveillance activities. Long term embedding of such in vivo monitors (i.e. over several months to years) have applications potential in the study of rnicrogravity effects on biological systems, and providing day to day feedback on the progress of healing during treatment in clinical medical situations, A compact method for recovering images from tightly confined spaces using a pair of multimode fibers is illustrated in Figure 1 above. The Fabry Perot interferometer provides a means for switching between a calibration mirror and the image that one wishes to retrieve. Below the Fabry Perot interferometer, a SELFOC lens is inserted as a spacer that maximizes the overlap of the modes scattered between the two fibers. To recover the image, the following steps are performed:
(1) Calibration of the fiber is performed with a blank reflecting surface at the image location, A(). During calibration, the phase distortion information is concurrently recorded using a hologram at CO.
(2) The blank reflecting surface is replaced by the image sample, and irradiated with the predistorted conjugate beam which is read out from the hologram.
Image information is concurrently sampled at point Bo.
Unlike theearlier image recovery analyses which assume a steady state2, this treatment assumes that the image recovery at point BO occurs in a time, TOe< t,,d,$,, where ZOis the sampling time of the readout CCD, and r,,~,,, is the erasure time, of the crystal while being illuminated by the read beam. On the basis of this assumption, the rest of this paper is organized in the following manner. First, the classical derivation of two-way image transmission through a fiber is reviewed. Then, the calibration setup using two fibers as shown in Figure 1 and summarized in steps ( 1) and (2) above is derived (i.e. when the Fabry Perot is tuned to its high reflectivity state). Finally, the interferometer is tuned to its maximum transmission mode and an analysis is performed to determine the nature of the image function at the B() output position. Ati,n is the amplitude coefficients for the m,nth mode. Generally after the image field is translated a distance L down the fiber, the image is scrambled due to the different phase factors,~~lfl,for each of the modes. Thus the field at the output of the fiber has the form: The image information can be recovered or unscrambled, if the complex conjugate of the spatial portion of the input field can be generated and launched into a section of fiber-that is exactly identical in length and all other characteristics to the first fiber. (In demonstrations, the same fiber is usually used to insure that all of the characteristics are faithfully reproduced.) To obtain the phase conjugation of a given field, one takes the complex conjugate of the spatial part of the field only and leaves the time dependent component untouched. By introducing a phase conjugating medium at the output of the fiber, one can generate, via either 2-wave mixing or 4-wave mixing, a returning phase conjugated field:
H. TWO-WAY IMAGE TRANSMISSION THROUGH A FIBER

Historically
This conjugate field has just exactly the right initial phase to allow it to backward propagate through the fiber and unravel any phase scrambling done by the original trip. which restores the original image.
III. ONE-WAY IMAGE TRANSMISSION THROUGH A FIBER
Consider the situation where one wants to illuminate a sample with a remote light source using a single fiber of length L2 as a conduit as shown in Figure 1 and then retrieve image information with the light collected by a second fiber of length L1.
A. Calibrating the fiber characteristics
In order to recover the image, one must first calibrate the characteristics of the fiber by writing a hologram in a recording medium after the input illumination,
.fI(x, Y,Z= O,t), is injected at point BO, then collected in fiber L2 after scattering off of a reflector at point A() (see Figure 3 below), and is finally output at point CO as f2(X,Y,Z = JZf) with whatever phase scrambling this optical path through the system accrues.
Thus, This image recovery process entails two key steps. First, the path through the fiber or any other image scrambling medium must be calibrated by imposing a calibration reflector at the position where the image is to be detected. Then, after a hologram of the accumulated phase scrambling is written into the recording medium, the calibration reflector is replaced by the sample image and that information is output unscrambled at point Bo. The two technologies illustrated in Figure 1 , which are key to recovering this image information are: (i) a photorefractive crystal such as BaTi03 which exhibits a time lag of 1 to 20 seconds in the erasure of the calibration hologram dur$g the image readout step.
(ii)
end of a a MEMS Fabry Perot micro-interferometer", which is both easy to mount at the fiber, and can be tuned between the two optical throughput states of 100% reflection and 100% transmission. These MEMS devices have the additional advantage that they can be mass produced at low cost. 
